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DESCRIPTION 

PROCESS FOR IMPROVING THE PERFORMANCE 
OF AN ELECTROSTATIC PRECIPITATOR 

Related Applications 

5 This application is a continuation-in-part of 

copending U.S. Patent Application entitled "Nitrogen Oxides 
Reduction Using a Urea Hydrolysate" , having Serial No. 
07/820/907, filed in the names of von Harpe, Pachaly, Lin, 
Diep, and Wegrzyn on January 16, 1992; copending U.S. 

10 Patent Application entitled "Process for the Catalytic 
Reduction of Nitrogen Oxides", having Serial No. 
07/879,439, filed in the names of Peter-Hoblyn, Lin, Sun, 
and Hofraann on May 6, 1992; and copending U.S. Patent 
Application entitled "Highly Efficient Hybrid Process for 

15 Nitrogen Oxides Reduction", having Serial No, 07/907,222, 
filed in the names of Sun and Hofmann on July 1, 1992, the 
disclosures of each of which are incorporated herein by 
reference. 

Technical Field 

20 The present invention relates to a process and com- 

position which is effective for improving the performance 
of an electrostatic precipitator. The process involves the 
introduction of a composition which "conditions" particu- 
lates in a combustion effluent in order to facilitate 

25 collection by an electrostatic precipitator. 
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In the combustion of carbonaceous fuels in utility 
boilers and other power plants, one of the results is the 
production of solid particulates, commonly known as fly 
ash. This is especially true where the fuel combusted is a 
5 solid, such as coal or municipal solid waste (MSW) . The 
emission of these solid particulates to the atmosphere is 
considered undesirable and is often the subject of regula- 
tions limiting the amount which may be emitted. According- 
ly, effective means for reducing the amount of particulates 
10 in a combustion effluent prior to emission to the atmo- 
sphere are widely sought. 

One effective means for removing the particulates from 
a combustion effluent is an apparatus referred to as an 
"electrostatic precipitator". In an electrostatic 

15 precipitator, a combustion effluent passes between elec- 
trodes which create a corona discharge. This causes the 
particulates to be electrically charged. When so charged, 
the particulates migrate to and are deposited on a collec- 
tion electrode. After exiting the electrostatic precipita- 

20 tor, the substantially particulate free effluent may then 
be emitted to the atmosphere. 

One factor which has been found to be extremely impor- 
tant to the operation of an electrostatic precipitator is 
the electrical resistivity of the particulates entrained in 

25 the effluent. The resistivity of the particulates must be 
sufficiently high to facilitate collection. However, in 
many electrostatic precipitators, the resistivity of the 
particulates is too high, on the order of up to about 10 13 
ohm-cm or even higher. The efficiency of collection of 

30 particulates can be substantially reduced under these 
conditions. This 
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reduction in collection efficiency can severely compromise 
the pollution control gains provided by the electrostatic 
precipitator- Typically, desired resistivities range 
between about 10 8 and about 10 10 ohm-cm, 

5 Certain agents have been employed in order to "condi- 

tion" the particulates in the effluent to maintain their 
electrical resistivity within desirable ranges. Included 
are sulfuric acid, sulfur trioxide (S0 3 ), and phosphoric 
acid, with sulfur trioxide being the' most preferred and 
10 most commonly used of these conditioners. In addition, 

another conditioner often used for improving the collection 
efficiency of an electrostatic precipitator is ammonia, 
which has also been found to improve its collection 
performance . 

15 The exact mechanism by which ammonia conditions an 

effluent for electrostatic precipitation is not fully 
understood. However, one possible explanation is that 
ammonia reacts with residual sulfur trioxide in the ef- 
fluent to form ammonium sulfates and bisulfates which act 

20 as binders for the deposited precipitates in the electro- 
static precipitator. This reduces the likelihood that 
deposited particulates can become re-entrained in the 
effluent. Another possibility is that ammonia causes 
particle agglomeration; which leads to more efficient 

25 particle collection. 

Unfortunately, the use of ammonia as a conditioning 
agent for an electrostatic precipitator can be undesirable 
because of the toxicity and instability of ammonia. In 
addition, the requirement to maintain ammonia in a high 
30 vapor pressure gas or liquid can also be undesirable be- 
cause of the costs associated with doing so. The use of 
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ammonia can cause severe problems during storage, handling, 
and transportation, which may discourage its use as an 
electrostatic precipitator conditioner. 

In fact, in some jurisdictions, ammonia is required to 
5 be transported and stored in the form of ammonium water/ 
which in its most commonly utilized form is only about 25% 
ammonia and is sometimes as dilute as 10% ammonia- The use 
of ammonium water for providing ammonia to condition an 
electrostatic precipitator can be impractical because of 
10 the increased cost of storing and transporting such a 
highly dilute substance. Furthermore, the added cost of 
evaporating the ammonium water to evolve ammonia gas is 
also a disadvantageous aspect of its use. 

Background Art 

15 The conditioning of an effluent with sulfur trioxide 

and ammonia prior to the effluent being passed through an 
electrostatic precipitator has been disclosed. For in- 
stance, Rudolph and Cummings, Jr. have shown that the use 
of ammonia and sulfur trioxide can be very effective at 

20 improving the performance of an electrostatic precipitator, 
in "AmmoniaSulfur Trioxide Flue Gas Conditioning Experience 
at J* C. Weadock Unit #7", Amer. Power Conf. Proc. 49 1987, 
pp 58-63. 

In addition, Krigmont, Coe, Jr., and Southam, in IKS. 

25 Patent 5,029,535, discuss means for controlling the 

addition of conditioning agents such as sulfur trioxide and 
ammonia to an effluent in order to optimize removal of par- 
ticulate matter in an electrostatic precipitator. 
Likewise, Wright also discloses a system for maintaining a 

30 flow of sulfur trioxide conditioning agent into an effluent 
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ahead of an electrostatic precipitator by monitoring the 
opacity of the stack effluent in order to optimize the par- 
ticulate removal process, in U.S. Patent 5,032,154, 

What is desired therefore, is a process and composi- 
5 tion for improving the operation and performance of an 
electrostatic precipitator by the addition of ammonia as 
a conditioning agent, while reducing or eliminating the 
need for the storage, handling, or transport of ammonia. 

Disclosure of Invention 

10 The present invention relates to a process for im- 

proving the performance of an electrostatic precipitator 
through which a combustion effluent is passed. The process 
involves introducing into the effluent a composition effec- 
tive to form ammonia under the conditions present in the 

15 effluent, especially urea or a urea hydrolysate; and pass- 
ing the ammonia containing effluent through an electrostat- 
ic precipitator. The performance of the electrostatic 
precipitator is improved by the presence of ammonia in the 
effluent . 

20 By the use of the process of the present invention, 

the performance of the electrostatic precipitator is im- 
proved by the presence of ammonia while reducing or elimi- 
nating the need for the undesirable storage, handling, and 
transport of ammonia or ammonium water. 

25 Brief Description of the Drawings 

The objects of this invention will be described and 
the present invention better understood and its advantages 
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more apparent in view of the following detailed descrip- 
tion, especially when read with reference to the appended 
drawing which is a schematic illustration of a boiler 
utilizing the present invention. 

5 Best Mode for Carrying Out the Invention 

As noted above, the present invention relates to 
improving the performance of an electrostatic precipitator 
in reducing particulate levels in a combustion effluent. 
This is accomplished in the presence of ammonia by intro- 

10 ducing into the effluent a treatment agent which comprises 
a compound or compounds which generate ammonia in the 
effluent. Advantageously, these compounds comprise urea or 
the hydrolysis products of urea. After formation of ammo- 
nia in the effluent, the effluent is then passed through an 

15 electrostatic precipitator. 

In an advantageous aspect of the invention, the ammo- 
nia-generating treatment agent can be introduced into the 
effluent so as to reduce nitrogen oxides (NOx, where x is 
an integer, generally 1 or 2) levels in the effluent, 
20 either catalytically or non-catalytically, while generating 
ammonia to condition the electrostatic precipitator. In 
this way, the most effective use of the treatment agent 
occurs . 

The treatment agent to be introduced into the effluent 
25 comprises a non-ammonia nitrogenous composition, by which 
is meant a composition having at least one component which 
contains nitrogen as an element. The non-catalytic reduc- 
tion of nitrogen oxides by such treatment agents comprises 
a selective, free radical-mediated process, often referred 
30 to as selective non-catalytic reduction (SNCR) . 
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Various nitrogenous compositions, in their pure and 
typical commercial forms, will generate effective gas-phase 
NOx reducing agents (e.g., the amidozine radical, NH*) when 
introduced in aqueous solution. Among the prominent ni- 
5 trogenous compositions are urea; urea precursors; one or 
more of the hydrolysis products of urea (such as ammonium 
carbamate, ammonium carbonate, ammonium bicarbonate); other 
ammonium salts; and various urea complexes, including a 
urea hydrolysate which consists of a unique structure of 

10 ammonium carbonate and ammonium bicarbonate in a complex 
with ammonium carbamate; products of the reaction of urea 
with itself or other compositions, related compositions, or 
mixtures of these. Also included among these compounds are 
ammonium carbonate, ammonium formate, ammonium citrate, 

15 ammonium acetate, ammonium oxalate, other ammonium salts 
(both organic and inorganic, but particularly of organic 
acids), ammonium hydroxide, various stable amines, guani- 
dine, guanidine carbonate, biguanide, guanylurea sulfate, 
melamine, dicyanimide, calcium cyanamide, biuret, 

20 1, 1 ' azobisf ormamide, methylol urea, methylol urea-urea, 
dimethyl urea, hexamethylenetetramine (HMTA) , or mixtures 
of the foregoing. 

Enhancers are additive materials which modify the 
effectiveness of a pollutant-reducing agent in terms of its 

25 effective temperature window, its utilization efficiency, 
or the like. Among the enhancers which can be included 
with the treatment agent of this invention are the above 
materials when used in suitable combination, as well as 
other compositions such as hexamethylenetetramine (HMTA), 

30 oxygenated hydrocarbons such as ethylene glycol and metha- 
nol, ammonium salts of organic acids such as ammonium 
acetate and ammonium benzoate, heterocyclic hydrocarbons 
having at least one cyclic oxygen such as furfural, sugar, 
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molasses, 5- or 6-membered heterocyclic hydrocarbons having 
at least one cyclic nitrogen such as pyridine and pyroli- 
dine, hydroxy amino hydrocarbons such as milk or skimmed 
milk, amino acids, proteins and monoethanolamine and vari- 
5 ous other compounds which are disclosed as being effective 
at the reduction of nitrogen oxides in an effluent, or 
mixtures of the foregoing. Exemplary of other suitable 
oxygenated hydrocarbons are ketones, aldehydes, alcohols 
including polyols, carboxylic acids, sugars, starch hydrol- 
10 ysates, hydrogenated starch hydrolysates, sugar-containing 
residues such as molasses, and mixtures of any of these. 
The entire disclosures of U.S. Patents 4,719,092, 
4,844,878, and 4,877,591, which describe suitable enhanc- 
ers, are incorporated herein by reference. 

15 Most preferred among the enhancers are the oxygenates, 

such as the oxygenated hydrocarbons, heterocyclic hydrocar- 
bons having at least one cyclic oxygen, sugar, and molas- 
ses. In fact, several of the enhancers, especially the 
oxygenates and certain of the ammonium salts, can them- 

20 selves function in NOx-reducing treatment agents in an 
independent introduction. 

The use of urea as the nitrogenous treatment agent is 
most common, and disclosed by Arand, Muzio, and Sotter in 
U.S. 4,208,386 and Arand, Muzio, and Teixeira in U.S. 

25 4,325,924, the disclosures of each of which are incorpo- 
rated herein by reference. As noted above, the use of urea 
or other non-ammonia nitrogenous agents (as compared to 
ammonia) is preferred as the nitrogenous composition of 
this invention since the toxicity and instability of ammo- 

30 nia are avoided. 
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The use of the hydrolysis products of urea as well as 
a unique urea hydrolysate for nitrogen oxides reduction has 
been disclosed by von Harpe and Pachaly in International 
Patent Application entitled "Process for the In-Line Hydro- 
5 lysis of Urea", having Publication No. WO 92/02291, filed 
August 1, 1991; and von Harpe, Pachaly, Lin, Diep, and Weg- 
rzyn in International Patent Application entitled "Nitrogen 
Oxides Reduction Using a Urea Hydrolysate", having Publica- 
tion No. WO 92/02450, filed August 1, 1991, the disclosures 
10 of each of which are incorporated herein by reference. 

The introduction of the hydrolysis products of urea or 
a urea hydrolysate as the nitrogenous composition in the 
treatment agent of the present invention can have signifi- 
cant advantages due to their ability to reduce nitrogen 
15 oxides over a relatively wide effluent temperature window, 
while minimizing the generation of nitrous oxide (N 2 0), 
another pollutant. 

Under the proper conditions, urea hydrolyzes to prod- 
ucts which are believed to include ammonia (NH 3 ) , ammonium 

20 carbamate (NH 2 C00NH 4 ) ("carbamate"), ammonium 

carbonate ((NHJ 2 C0 3 ) ("carbonate"), and ammonium bicar- 
bonate (NH 4 HC0 3 ) ("bicarbonate"). Hydrolysis generally 
continues sequentially from carbamate, through carbonate 
and then to bicarbonate, each composition being more stable 

25 than urea. 

Although each of the noted hydrolysis products is 
individually commercially available, it is more desirable 
to produce them via urea hydrolysis under the conditions 
detailed below. This is because the thusly formed hydro- 
30 lysate has advantages over the individual hydrolysis prod- 
ucts, even if combined in the same approximate ratios. A 
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primary advantage is cost, since urea can be significantly 
less expensive than the individual hydrolysis products. 
Additionally, a maximum solubility of about 25% for the 
hydrolysate (based on initial urea concentration) has been 
5 observed, which is superior to the solubility of bicarbon- 
ate, i.e., about 18%. This can be significant in terms of 
transportation costs and final treatment agent concentra- 
tions . 



According to solubility and structural analyses, 
10 including high pressure liquid chromatography (HPLC) using 
phosphoric acid as solvent; carbon- 13 nuclear magnetic 
resonance spectroscopy (NMR) ; thermal gravimetric analysis 
(TGA); differential scanning calorimetry (DSC); and mea^ 
surement of "P" or "M" alkalinity by acid titration, the 
15 hydrolysate prepared according to this invention comprises 
at least in part a single unique structure of carbonate and 
bicarbonate which is in a complex with carbamate (expressed 
as carbamate 'bicarbonate/carbonate) . If the pressure exert- 
ed on the hydrolysate solution is sufficiently high, antmo- 
20 nia also produced does not flash off, but remains in solu- 
tion and remains available • In addition, depending on the 
conditions employed, residual urea may also be present - 

Although a urea solution will hydrolyze under ambient 
conditions, typically less than 1% will do so, an insignif- 

25 icant amount in terms of either NOx reduction or facilitat- 
ing the collection efficiency of an electrostatic precipi- 
tator. In forming the hydrolysate, temperature, pressure, 
concentration of the initial urea solution, and residence 
time are all important parameters, and must be balanced. 

30 High pressure is particularly useful because the reaction 
proceeds in the direction of smaller mole volumes during 
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the formation of carbamate and carbonate. Higher tempera- 
ture and longer residence times also result in higher 
levels of hydrolysis . However, under equivalent pressures, 
temperatures, and residence times, hydrolysis decreases 
5 with increases in solution concentration. 

Advantageously, hydrolysis of a 10% aqueous urea solu- 
tion should be conducted under pressures sufficiently high 
to maintain the resulting hydrolysate in solution. Such 
pressures will also facilitate hydrolysis. Desirably, 

10 hydrolysis is performed under pressures of at least about 
500 pounds per square inch (psi), more preferably at least 
about 650 psi. If it is desired to maintain ammonia in 
solution, the pressure should be at least about 750 psi. 
As the concentration of the initial urea solution is in- 

15 creased, the pressure is preferably increased to achieve 
equivalent results. 

There is no true upper limit of pressure in terms of 
facilitating hydrolysis; rather, any upper limits comprise 
practical as opposed to technical limits, since higher 
20 pressures , i . e . , pressures above about 3000 psi, require 
vessels able to stand such pressures, which are generally 
more expensive and usually unnecessary. 

At the desired pressures, the temperatures and resi- 
dence times can be varied. Temperatures of only about 

25 250OF will ensure the presence of some hydrolysate (e.g., 
no more than about 5%), whereas temperatures of about 600OF 
to 700OF will ensure that virtually all the urea has been 
converted to hydrolysate. Residence times can vary between 
about three minutes and about 15 minutes, preferably about 

30 five minutes to about 10 minutes. It will be recognized 
that the upper temperature and residence time limits are 
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less important since exceeding them will not result in 
lower levels of hydrolysis or a less effective hydrolysate, 
it is believed. 

The temperature and residence time for urea hydrolysis 
5 are related, and one (i.e., time) can be decreased as the 
other (i.e., temperature) is increased. For instance, 
hydrolysis at 400OF for 10 minutes may be generally equiva- 
lent to hydrolysis at 500OF for five minutes and hydrolysis 
at 600OF for three minutes. 

10 As noted, hydrolysis proceeds to consecutively form 

carbamate, carbonate, and bicarbonate. Although all three 
are present even under the least severe conditions, it is 
desired that the ratio of carbamate to bicarbonate/car- 
bonate in the hydrolysate be about 10:1 to about 1:200, 

15 more preferably about 2 : 1 to about 1:100 for greatest 

effectiveness. This can be achieved by hydrolyzing at a 
fluid temperature of at least about 3250F for about five 
minutes or longer. 

Most preferably, the hydrolysis of urea is conducted 
20 in the presence of metal catalysts such as copper catalysts 
like copper nitrate, nickel catalysts like nickel sulfate, 
and iron catalysts like iron (III) nitrate, with the copper 
and nickel catalysts preferred. Since such catalysts 
enhance urea hydrolysis, greater hydrolysis levels can be 
25 achieved with equivalent hydrolysis conditions by the use 
of the catalysts. The catalyst metal is mixed into the 
urea solution prior to hydrolysis. For instance between 
about five and about 15, preferably about 10 parts per 
million (ppm) of catalyst (as metal) is mixed into a 10% 
30 urea solution, whereas about 20 to about 60 ppm, preferably 
about 50 ppm is mixed into a 25% urea solution. 
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In order to effectively supply sufficient urea hy- 
drolysate to reduce nitrogen oxides and condition the 
effluent for feeding through an electrostatic precipitator, 
it is desired that at least about 25% of the urea be hydro- 
5 lyzed. More preferably, at least about 60% of the urea is 
hydrolyzed, most preferably at least about 80%. 

The level of hydrolysis achieved under any particular 
set of conditions can easily be determined, for instance, 
by measuring the "P" and "M" alkalinity of the hydrolyzed 

10 solution. For example, a 10% solution of urea has a pH of 
7.3 with 0 "P M alkalinity and 0.002% "M M alkalinity as 
CaC0 3 . When hydrolyzed, the hydrolysate has a pH of about 
9.5, with up to 9% "P" alkalinity and 20.2% "M" alkalinity. 
By comparing the alkalinity of a hydrolyzed solution with a 

15 theoretical maximum, using the fresh urea solution as a 
reference, the level of hydrolysis can be estimated. 

Hydrolysis level can also be determined using con- 
ductivity in the same manner as alkalinity can be used. 
The conductivity of a 10% urea solution is about 1.2 milli- 
20 mhos, whereas a 10% urea solution which has been completely 
hydrolyzed has a conductivity of about 120 milli-mhos . 

The urea hydrolysis reaction is advantageously carried 
out "on site" (by which is meant within convenient trans- 
port distance, such as about 50 miles, of the combustion 
25 source to be treated), and, most advantageously, in-line 
because of the economy, stability, and relative safety of 
urea for transport and storage. Further, the solubility of 
the hydrolysate is lower than that of urea, making urea 
more practical to transport. 
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When the inventive hydrolysate is formed in-line, as 
discussed hereinbelow, the urea solution should comprise 
sufficient urea to provide the desired level of hydroly- 
sate. Advantageously, the urea solution comprises up to 
5 about 50% urea by weight, more preferably about 5% to about 
45% urea by weight. Most preferably, the solution compris- 
es about 10% to about 25% urea by weight. 

For efficiency, though, it may be desirable to hy- 
drolyze a more concentrated urea solution, i.e., about 45% 

10 to about 60% by weight, to minimize the heat requirements 
during hydrolysis. This can most advantageously be done 
when hydrolysis is performed "on site", that is, at or near 
the location of the boiler in which the hydrolysis products 
are to be introduced, but not in-line. The hydrolyzed 

15 solution can then be diluted to the appropriate level. 
On-site urea hydrolysis can be performed in a suitable 
vessel in which the urea solution can be raised to the 
desired pressures and temperatures. 

As noted, hydrolysis of urea can be performed in-line, 
20 that is, while the urea solution is being supplied to an 
injector or other introduction means to be introduced into 
a combustion effluent. This can be accomplished by passing 
the aqueous solution of urea through a supply conduit 
(referred to as a reaction conduit or tube) and applying 
25 heat and pressure. 

The conduit can be any of the conventional tubes or 
pipes currently used to supply urea, ammonia, or other 
solutions to a combustion effluent for NOx reductions, or 
ammonia solutions as a conditioner for an electrostatic 
30 precipitator or in operative connection therewith, provided 
the conduit length and flow rates are sufficient to provide 
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the desired residence times, as would be understood by the 
skilled artisan. Thus the process can be practiced without 
significantly effecting the efficiency of current condi- 
tioning processes since it does not require substantial 
5 alteration or retrofitting of current installations. 

In fact, heat for the hydrolysis reaction can be 
provided by the effluent itself- As would be understood by 
the skilled artisan, a conventional heat exchanger can be 
installed which transfers the desired amount of heat from 
10 the effluent to the conduit through which the urea solution 
is flowing, in order to avoid the need for an independent 
heat source. 

As noted, the heat exchanger for heating the urea 
solution to perform hydrolysis may be positioned in the 

15 effluent stream and, as a result of this, the heat required 
for facilitating the urea hydrolysis reaction is withdrawn 
from the effluent to avoid the need for an independent heat 
source. Such heat exchanger preferably forms a unit to- 
gether with the apparatus on which the injector or other 

20 injection means are arranged within the effluent stream. 
The heat exchanger at the same time cools the injector 
means such as the injection lances, which is desirable at 
high effluent temperatures. 

The heat exchanger is preferably constructed in the 
25 form of a jacket around the injection lance. The heated 
and hydrolyzed urea solution is passed from the heat 
exchanger directly into the combustion effluent or to a 
flash drum positioned outside the effluent, and the gaseous 
or liquid phase formed is separately supplied to the injec- 
30 tors of the injection lance, while pressurized air may 
optionally be added to the gaseous phase* 
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The above-described compounds can be introduced ac- 
cording to processes which maximize the nitrogen oxides 
reductions achieved while controlling or minimizing the 
production of other pollutants. Such processes are de- 
5 scribed in, for instance, U.S. 4,777,024 to Epperly, Peter- 
Hoblyn, Shulof, Jr., and Sullivan; U.S. 5,057,293 to Epper- 
ly, Peter-Hoblyn, Shulof, Jr., Sullivan, Sprague, and 
O'Leary; U.S. 4,780,289 to Epperly, O'Leary, and Sullivan; 
and U.S. 5,017,347 to Epperly, Sullivan, Sprague, and 
10 O'Leary, the disclosures of each of which are incorporated 
herein by reference. 

The urea, urea hydro lysate, or other nitrogenous 
composition can be introduced into the effluent by suitable 
introduction means under conditions effective to reduce NOx 

15 and form ammonia in order to condition particulates to im- 
prove the performance of an electrostatic precipitator. 
Suitable introduction means include injectors, such as 
those disclosed by Burton in U.S. Patent 4,842,834, or 
DeVita in U.S. Patent 4,915,036, the disclosures of each of 

20 which are incorporated herein by reference. One especially 
preferred type of injection means is an injection lance, 
especially a lance of the type disclosed by Peter-Hoblyn 
and Grimard in International Publication No. WO S 1/00134, 
filed July 4, 1989, entitled "Lance-Type Injection Appara- 

25 tus", the disclosure of which is incorporated herein by 
reference . 

When the treatment agent comprises urea, a urea hydro- 
lysate, or another nitrogenous treatment agent, without a 
non-nitrogenous hydrocarbon component, it is preferably 
30 introduced at an effluent temperature of about 1500OF to 
about 2100OF, more preferably about 1700OF to about 2100OF. 
In fact, depending on parameters such as concentration and 
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droplet size, effective nitrogen oxides reductions can be 
achieved using urea or a urea hydrolysate at temperatures 
above 2100OF. When the treatment agent also comprises one 
of the enhancers discussed above, it can be introduced at 
5 an effluent temperature of about 1200OF to about 1750OF, 
more preferably about 1350OF to about 1750OF or higher. 

These effluent temperatures at the point of intro- 
duction can be varied depending on the amount of ammonia 
desired in the effluent to condition the electrostatic 

10 precipitator, particular components of the compound, and 
other effluent conditions, such as the effluent oxygen 
level. In fact, the use of an enhancer will generally 
reduce the level of ammonia in the effluent. If the enhan- 
cer reduces the ammonia level to below that desired for 

15 electrostatic precipitator conditioning, the enhancer can 
be introduced at a lower level, or not at all, so that 
sufficient ammonia is present. 

The compound is introduced into the effluent at a 
molar ratio of the nitrogen in the compound to the baseline 

20 nitrogen oxides level in the effluent of about 1:10 to 

about 10:1. More preferably, the molar ratio of compound 
nitrogen to baseline NOx level is about 1:5 to about 5:1 
(in the situation where enhancers are introduced without a 
nitrogenous component, they are introduced at a weight 

25 ratio of about 1:10 to about 10:1/ preferably about 1:5 to 
about 5:1). By "baseline nitrogen oxides level" is meant 
the level (measured or calculated) of nitrogen oxides in 
the effluent prior to introduction of the compound. 



The baseline NOx level is also used in calculating the 
30 percentage of nitrogen oxides reduced by measuring the 
level of nitrogen oxides in the effluent after treatment, 
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dividing that number by the baseline nitrogen oxides level, 
subtracting from unity and multiplying by 100 to give the 
NOx reduction expressed as percentage of baseline. 

The treatment agent is preferably supplied to the 
5 effluent as a solution, most preferably an aqueous solu- 
tion, and its concentration in the solution will be at 
least effective to reduce the level of NOx in the effluent. 
The solution can be varied from saturated to very dilute. 
At higher effluent temperatures, the concentration of 
10 nitrogenous compound will be more dilute, say less than 

about 20% at about 2000OF, and from about 0,5% to about 10% 
at these or higher temperatures. On the other hand, con- 
centrations of from about 20% to about 40% are more typical 
for temperatures below about 2000OF. 

15 Advantageously, the size of the droplets of solution 

will be within the range of from about 10 to about 10,000, 
and preferably greater than about 50 microns. The droplet 
size is important to enable uniform mixing of the treatment 
agent with the effluent and penetration of the treatment 

20 agent sufficiently along the internal boiler path that it 
can achieve its intended function. The size of the drop- 
lets will preferably be increased with increasing tempera- 
ture. At temperatures below about 2000OF, droplet sizes of 
less than about 150 microns are quite effective, while at 

25 higher temperatures the droplets should be larger, and 
preferably larger than about 500 microns. 

The presence of sufficient ammonia can, at least 
partially, be ensured by varying the effluent temperature 
at which the nitrogenous treatment agent is introduced (by, 
30 for instance, adjusting the location at which the introduc- 
tion occurs), specific composition and introduction ratio 
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of the treatment agent. These parameters should be adjust- 
ed to provide the desired amount of ammonia in the efflu- 
ent. This can be accomplished using the process and tech- 
niques described in U.S. 4,780,289, U.S. 4,830,839, and/or 
5 U.S. 5,017,347, the disclosures of each of which are incor- 
porated herein by reference, which utilize the nitrogen 
oxides reduction versus effluent temperature curve of a 
treatment regimen and its curve plateau to control the 
presence of secondary pollutants such as ammonia while 
10 reducing NOx. 

By "nitrogen oxides reduction versus effluent tempera- 
ture curve" is meant a plot of the data points generated 
when a treatment regimen is effected by introducing a 
treatment agent into an effluent over a range of effluent 

15 temperatures and the nitrogen oxides reduction at each 

introduction temperature is measured (and usually expressed 
in terms of percent baseline) . "Curve plateau" refers to 
that region of a nitrogen oxides reduction versus effluent 
temperature curve where the NOx reduction is substantially 

20 maximized over a range of temperatures and preferably 

encompasses at least two data points (of course a skilled 
artisan will recognize that a curve plateau will not neces- 
sarily be flat due to "data scatter" and other practical 
data generation effects). By "treatment regimen" is meant 

25 to the introduction (such as by injection) of a treatment 
agent into an effluent and the conditions under which the 
treatment agent is introduced, such as treatment agent 
components (by which is meant the ingredients or chemical 
formulation of the treatment agent), treatment agent dilu- 

30 tion (by which is meant the concentration of treatment 

agent components when the treatment agent used comprises a 
solution), relative presence of treatment agent components 
(by which is meant the relative weight ratio or fractions 



WO 94/13391 



PCT/US93/10843 



20 

of the components which form the chemical formulation which 
makes up the treatment agent) , etc. 

The introduction temperature of a treatment agent, 
especially a nitrogenous treatment agent, has predictable 
5 effects on both nitrogen oxides reductions achieved and on 
the amount of ammonia remaining in the effluent after 
introduction of the treatment agent. With knowledge of 
this information, the nature (i.e., composition) and intro- 
duction of the treatment agent can be carefully coordinated 

10 to produce the desired amount of ammonia in the effluent 
even where the choice of introduction temperatures cannot 
be altered (in many boilers, retrofitting or providing 
access for different injection levels is not always possi- 
ble or economically feasible) • Typically, this involves 

15 introducing a treatment agent such that it is acting on the 
"left" side of the plateau of its nitrogen oxides reduction 
versus effluent temperature curve at the effluent tempera- 
ture at the point of introduction, in order to generate 
ammonia for conditioning of the particulates . 

20 The introduction or other equivalent parameters such 

as the normalized stoichiometric ratio can also be adjusted 
to provide ammonia (by normalized stoichiometric ratio is 
meant the ratio of the concentration of theoretically 
available reducing-radicals such as NH 2 or NCO radicals to 

25 the concentration of nitrogen oxides in the effluent; 

alternatively, the molar ratio of the treatment agent to 
the NOx concentration can be used in place of NSR when the 
chemistry of reduction is not well defined; the term NSR as 
used herein will also be understood to encompass molar 

30 ratio when appropriate)* 
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These methods all cause operation to occur at a dif- 
ferent location on the curve and can be achieved in one of 
two ways. First, the position on the curve at which the 
treatment regimen being used is being effected can be 
5 translated by effecting the treatment regimen at a lower 
effluent temperature. It will readily be observed that 
effecting the treatment regimen at a lower effluent temper- 
ature will translate the position of operation on the curve 
further to the left. 

10 Effecting the treatment regimen at a different ef- 

fluent temperature can be accomplished by performing the 
treatment agent introduction at a location where the efflu- 
ent temperature is different from the original introduction 
location. However, this method for effecting the treatment 

15 regimen at a different effluent temperature can ofttimes be 
impractical because access to the boiler interior is often 
limited to specific points, due to various possible physi- 
cal restrictions, etc. Introduction at a location where 
the effluent temperature is at a desired level, therefore, 

20 is often not possible. 

Altering the operating load of the boiler (i.e., fuel 
supply rate) will also cause a change in effluent tempera- 
ture and can, theoretically at least, be used to alter 
effluent temperature at the treatment agent introduction 

25 location by changing operating load. In practice, though, 
altering the boiler operating load is not preferred because 
the effluent condition is altered in more ways than the 
temperature parameter. Nitrogen oxides level, as well as 
other parameters such as carbon monoxide level, are altered 

30 along with effluent temperature. Furthermore, the boiler 
operating load is usually maintained at a certain level to 



WO 94/13391 



PCT/US93/10843 



22 

produce a specific, required output and is not available as 
a factor which can be altered in this manner. 

A second method for operating at a different location 
on the curve is to vary one or more of the parameters of 
5 the treatment regimen being effected. For instance, the 
varied parameter can be the specific components of the 
treatment agent, the dilution of the treatment agent when 
in solution with a concomitant variation in treatment agent 
introduction rate to maintain the NSR of the treatment 

10 regimen, the relative presence of treatment agent compo- 
nents, or combinations of any of the above. By varying 
treatment regimen parameters, the original nitrogen oxides 
reduction versus effluent temperature curve is replaced by 
the nitrogen oxides reduction versus effluent temperature 

15 curve for the varied treatment regimen. Selection of the 
parameter(s) to be varied and in what way they are varied 
can replace the original curve with a curve which is 
"shifted" to the right, thereby leading to operation on the 
shifted curve at a different position. 

20 For example, if the treatment regimen being effected 

comprises a treatment agent which is an aqueous solution of 
10% urea hydrolysate and 15% furfural, and the effluent 
temperature at the treatment location is 17550F, thereby 
operating toward the right side of the treatment regimen 

25 nitrogen oxides reduction versus effluent temperature curve 
plateau, then varying the treatment regimen by varying the 
treatment agent components by eliminating the furfural re- 
places the original curve with a curve at which introduc- 
tion at that effluent temperature operates further towards 

30 the left side of the curve plateau. Likewise, if the 
treatment regimen being effected comprises a treatment 
agent which is an aqueous solution of 10% urea hydrolysate 
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and 15% furfural, and the effluent temperature at the 
point of introduction is 1665QF, thereby operating near the 
midpoint of the treatment regimen nitrogen oxides reduction 
versus effluent temperature curve plateau, then varying the 
5 treatment regimen to vary the treatment agent to replace 
the 15% furfural with 15% ethylene glycol replaces the 
original curve with a curve at which introduction at that 
effluent temperature operates further towards the right 
side of the curve plateau. 

10 Of course, the two methods for operating at different 

points on the curve plateau disclosed according to the 
present invention are not mutually exclusive, but can in 
fact be combined- In other words, the effluent temperature 
can be varied along with one or more treatment regimen 

15 parameters . 

In an alternate embodiment of this invention, the ni- 
trogenous compounds discussed above are introduced into the 
effluent at an effluent temperature wherein they readily 
convert to ammonia in order to facilitate the catalytic 

20 reduction of nitrogen oxides (referred to as selective 
catalytic reduction, or SCR), provided sufficient ammonia 
remains to condition the electrostatic precipitator. The 
effluent temperature at the point of introduction should 
also be chosen so as to avoid the utilization of the com- 

25 pound or the ammonia generated therefrom, to reduce NOx via 
an SNCR pathway. Although some utilization in this manner 
is not disadvantageous, there is the possibility of some 
by-product formation (such as carbon monoxide and nitrous 
oxide) which could become undesirable emissions themselves. 

30 Accordingly, introduction of the urea, urea hydro ly- 

sate, or other nitrogenous compound (such as by the means 
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discussed above) should be at an effluent temperature below 
about 1500OF, preferably below about 1350OF, More prefera- 
bly, the effluent temperature is between about 230OF and 
about 1200OF. When there is a substantial amount of urea 
5 present (i.e., when urea itself is being introduced or when 
there is less than about 80% hydrolysis) , the effluent 
temperature should be at least about 350OF. Most prefera- 
bly, the effluent temperature at the point of introduction 
of the treatment agent should be between about 550 of and 
10 about 950OF, 

When the treatment agent comprises a urea hydrolysate, 
it may be at ambient temperature prior to introduction or, 
alternatively, it may be at or above its boiling point. In 
this way, the hydrolysate can flash off immediately upon 
15 introduction into the effluent, which might provide advan- 
tages in minimizing air requirements for atomization, etc. 

After introduction of the urea, urea hydrolysate, or 
other composition, the treated effluent, which now contains 
ammonia, is passed over a catalyst. The catalyst used is 

20 one capable of reducing the effluent nitrogen oxides con- 
centration in the presence of ammonia. Such a catalyst 
comprises, for instance, activated carbon, charcoal or 
coke, vanadium oxide, tungsten oxide, titanium oxide, iron 
oxide, copper oxide, manganese oxide, chromium oxide, noble 

25 metals such as platinum group metals like platinum, palla- 
dium, rhodium, and iridium, or mixtures of these. Other 
catalyst materials conventional in the art and familiar to 
the skilled artisan can also be utilized. These catalyst 
materials are typically mounted on a support such as a 

30 ceramic substance or a zeolite although other art known 
supports can also be used. 
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The ammonia-containing effluent is most preferably- 
passed over the catalyst while the effluent is at a tem- 
perature between about 230OF to about 950OF. In this 
manner, the ammonia present in the effluent by the intro- 
5 duction of the hydrolyzed urea solution most effectively 
facilitates the catalytic reduction of nitrogen oxides ♦ 

Additionally, the two above-described embodiments can 
be combined. In this way, the nitrogenous treatment agent 
is introduced so as to reduce nitrogen oxides via an SNCR 
10 pathway, wherein sufficient ammonia is created to facili- 
tate the catalytic reduction of NOx, and then to condition 
the electrostatic precipitator. 

Moreover, the nitrogenous compound can be introduced 
independent of either an SNCR or SCR pathway- In this 

15 case, the urea, hydrolyzed urea, or other compound (pref- 
erably in solution, especially aqueous solution) of this 
invention is introduced into the effluent at an effluent 
temperature wherein the compound readily converts to ammo- 
nia in order to condition the electrostatic precipitator, 

20 under conditions substantially identical to those described 
above, except no SNCR or SCR NOx reduction occurs prior to 
the electrostatic precipitator. 

Advantageously, the nitrogenous treatment agent is 
introduced into the effluent in an amount sufficient to 

25 provide a volume level of the ammonia generated in the ef- 
fluent (whether after SNCR, SCR, or introduction of the 
compound without SNCR or SCR) sufficient to lower the 
resistivity of the particulates to below about 10 13 ohm-cm, 
more preferably below about 10 10 ohm-cm. Generally, the 

30 volume level of ammonia should be at least about 3.0 parts 
per million (ppm) . More preferably, the treatment agent is 
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of about 3.0 ppm to about 100 ppm, most preferably about 
10.0 ppm to about 50.0 ppm. 

In addition to the nitrogenous compound introduced to 
5 condition the electrostatic precipitator with ammonia, it 
is also desirable to introduce a sulfur oxide, especially 
S0 3 , as a conditioner for the electrostatic precipitator. 
The sulfur compound is advantageously introduced into the 
effluent at a level of at least about 6.1 ppm, more prefer- 
10 ably about 6.5 to about 10.2 ppm. In fact, it has been 
found that there is a synergy between S0 3 and ammonia in 
conditioning an electrostatic precipitator — the perfor- 
mance increase from the introduction of both is greater 
than the sum of either alone. 

15 After introduction of the treatment agent (and, op- 

tionally, S0 3 ), the treated effluent, which now contains 
ammonia, is passed through an electrostatic precipitator. 
The particular design and operational characteristics of 
suitable electrostatic precipitators are familiar to the 

20 skilled artisan. In fact, virtually any design suggested 
to date can be utilized. 

The effluent is preferably passed through the electro- 
static precipitator while the effluent is at a temperature 
between about 70OF and about 1350OF, more preferably be- 

25 tween about 250OF and about 850OF. In some experimental 
electrostatic precipitators, the operational temperature 
can be as high as about 1500OF. In this manner, the ammo- 
nia present in the effluent by the introduction of the 
treatment agent most effectively facilitates the precipita- 

30 tion of particulates. 
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In a typical installation of the present invention as 
illustrated in the attached figure, a boiler 100 comprises 
a flame zone 10 wherein a fuel 12 is combusted to form an 
effluent 14, Effluent 14 travels from flame zone 10 
5 through effluent conduit 20 « An electrostatic precipitator 
30 is disposed in effluent conduit 20 such that effluent 14 
passes therethrough while at a temperature of 300OF. 

An apparatus for the in-line hydrolysis of urea 40 as 
discussed above is disposed at effluent conduit 20 such 

10 that injection means 50 extends into effluent 14 at a point 
where the temperature of effluent 14 is 700OF. A 25% 
aqueous solution of urea is passed through apparatus 40 and 
the resulting urea hydrolysis products injected into efflu- 
ent 14 through injection means 50, where they degrade to 

15 ammonia. The ammonia travels to electrostatic precipitator 
30 which causes precipitation of particulates present in 
the effluent in the presence of the thusly produced ammo- 
nia. 

Use of the present invention reduces or eliminates the 
20 requirement for the transport, storage and handling of 

large amounts of ammonia or ammonium water. Even where the 
inventive process does not provide all of the ammonia 
required for conditioning of the effluent to facilitate 
electrostatic precipitator performance, the reduction of 
25 the amount needed still provides significant advantages in 
terms of both safety and cost. 

The above description is for the purpose of teaching 
the person of ordinary skill in the art how to practice the 
present invention and it is not intended to detail all of 
30 those obvious modifications and variations of it which will 
become apparent to the skilled worker upon reading the de- 
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scription. It is intended, however, that all such obvious 
modifications and variations be included within the scope 
of the present invention which is defined by the following 
claims . 
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What is claimed is: 

1. A process for improving the performance of an electro- 
static precipitator, comprising: 

a) treating urea under conditions effective to form 
a urea hydrolysate; 
5 b) introducing said urea hydrolysate into an ef- 

fluent from the combustion of a carbonaceous fuel under 
conditions effective to form ammonia and produce an 
ammonia-containing effluent; and 

c) passing the ammonia-containing effluent through 
10 an electrostatic precipitator/ wherein the performance of 
the electrostatic precipitator is improved by the presence 
of ammonia in the effluent. 

2. The process of claim 1, wherein said urea hydrolysate 
is formed by subjecting an aqueous solution of urea to heat 
and pressure for a time sufficient to at least partially 
hydrolyze said urea to form a hydrolysate comprising a 

5 complex of ammonium carbamate with ammonium bicarbonate/am- 
monium carbonate, where the ratio of ammonium carbamate to 
ammonium bicarbonate/ ammonium carbonate is about 10:1 to 
about 1:200. 

3. The process of claim 2, wherein said pressure is at 
least about 500 psi. 

4. The process of claim 3, wherein said aqueous urea 
solution is heated to at least 300°F for from about three 
minutes to about 14 minutes to at least partially hydrolyze 
said urea. 

5. The process of claim 2, wherein the urea solution is 
contacted with a catalyst for the hydrolysis of urea. 
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6. The process of claim 5/ wherein said urea hydrolysis 
catalyst is selected from the group consisting of metals , 
metal oxides, metal salts, and mixtures thereof. 

7. The process of claim 1, wherein said urea hydrolysate 
is introduced into the effluent at a level sufficient to 
provide a volume level of ammonia effective the maintain 
particulate resistivity at less than about 10 13 ohm-cm* 

8. The process of claim 7, wherein said urea hydrolysate 
is introduced into the effluent in an amount sufficient to 
provide at least about 3*0 parts per million of ammonia. 

9. The process of claim 1, wherein said urea hydrolysate 
is formed at the site of the electrostatic precipitator. 

10. The process of claim 9, wherein said urea hydrolysate 
is formed in-line as it is being fed into the combustion 
effluent . 

11. The process of claim 1, which further comprises 
introducing sulfur trioxide into the effluent as a condi- 
tioner for the electrostatic precipitator. 

12. The process of claim 11, wherein sulfur trioxide is 
introduced into the effluent in an amount of at least about 
6.1 parts per million. 

13. A process for improving the performance of an 
electrostatic precipitator, comprising: 

a) introducing a nitrogenous composition into an 
effluent from the combustion of a carbonaceous fuel under 
5 conditions effective to form ammonia and produce an am- 
monia-containing effluent; and 
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b) passing the ammonia-containing, effluent through 
an electrostatic precipitator, wherein the performance of 
the electrostatic precipitator is improved by the presence 
of ammonia in the effluent. 

14. The process of claim 13, wherein said nitrogenous 
composition comprises urea, a urea hydrolysate, or mixtures 
thereof. 

15. The process of claim 13, wherein composition is intro- 
duced into the effluent at a level sufficient to provide a 
volume level of ammonia effective to maintain particulate 
resistivity at less than about 10 13 ohm-cm. 

16. The process of claim 15, wherein composition is intro- 
duced into the effluent in an amount sufficient to provide 
at least about 3.0 parts per million of ammonia. 

17. The process of claim 13, which further comprises 
introducing sulfur trioxide into the effluent as a condi- 
tioner for the electrostatic precipitator. 

18. The process of claim 17, wherein sulfur trioxide is 
introduced into the effluent in an amount of at least about 
6.1 parts per million. 
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